Word Count: abstract 250; text 3043 Condensation Several maternal and neonatal outcomes improved when weight loss occurred in class I, II, and III obese women.
Short version: Weight gain obesity

Introduction
Obesity has reached epidemic proportions, estimated at 35.7% for adults in the United States. 1 The prevalence of obese reproductive age women (20-39 years) increased by 64% between 1988-1994 and 2007-2008 , accounting for the greatest increase in obesity for women of any age category. 2 The obesity epidemic and its associated obstetrical and neonatal complications has highlighted the issue of gestational weight gain (GWG). Regardless of maternal weight status, high GWG has been associated with both maternal (e.g., cesarean deliveries, long-term weight retention) and offspring risks (e.g., larger infants, childhood obesity). [3] [4] [5] [6] [7] [8] Although the evidence is less consistent, an association between higher GWG and gestational diabetes and preeclampsia has also been reported. [9] [10] [11] [12] On the other hand, low GWG and weight loss have also been associated with maternal ketonemia and fetal growth restriction. 13 According to conventional wisdom, pregnancy is a time for weight gain, not for dieting or weight loss. Typically, an additional 300 calories per day is recommended for appropriate fetal growth and this was reflected in the 1990 Institute of Medicine report on Nutrition During Pregnancy. 14 More recently, in 2009, the Institute of Medicine published revised guidelines for GWG. Important updates included a range of 5-9kg (or 11-20lbs) for GWG in obese women, defined by a prepregnancy body mass index (BMI) ≥30kg/m 2 . This differed from the prior recommendation of "at least 15 pounds." 13 Notably, all obese women, were grouped into one category as a result of insufficient data from women in individual obesity classes (i.e. obesity classes I-III) and the inability to draw statistically sound conclusions for GWG for the separate obesity classes.
Behavioral interventions for women who are obese at conception have shown some success at meeting GWG recommendations, 15 but limited evidence suggests that lower GWG or weight loss (i.e. gestational weight change) in this population may improve maternal and neonatal outcomes. 12, 16, 17 Given the nationwide rise in obesity as well as the influence of GWG on maternal and neonatal outcomes, we hypothesized that the current recommendations (up to a 20 pound weight gain) were too high for obese women and required closer scrutiny into each of the obesity classes. The objective of our investigation was to evaluate maternal and neonatal outcomes at birth in obese women by weight change and BMI class.
Materials and Methods
The 20 Weight change was defined as the difference between the self-reported prepregnancy weight and delivery weight.
The weight change categories were defined as weight loss, low (0-4.9kg), normal (5.0-9.0kg), and high (>9.0kg). The weight change categories were chosen for their simplicity, ease of clinical use, and were also modeled after those of another investigation. 21 Although the range of gestational weight change was -55kg to 77kg in the current cohort, this range was restricted to -20kg to 50kg to reflect a more clinically plausible value, also similar to the range chosen in another study. 22 In doing so, only 70 women or 0.3% of the cohort was excluded. with 95% confidence intervals (CI) were generated for each maternal and neonatal outcome in each of the weight change categories, using 5.0-9.0kg as the referent, for each obesity class and adjusting for age, race/ethnicity, marital status, insurance, parity, smoking, and gestational age. To clarify the potential maternal and neonatal risks and benefits of weight change, logistic regression models were created with weight change as a continuous variable (kg) for each BMI class. The estimated logistic regression coefficients then determined the predicted probabilities for each of the maternal and neonatal outcomes, similar to the analysis approach of another study. 24 The average predicted probability of five outcomes (cesarean, postpartum hemorrhage, SGA, LGA, and NICU) was then calculated over a weight change of -20kg to +50kg. These outcomes were chosen for their clinical relevance or the apparent association between gestational weight change in the logistic regression models and the individual predicted probabilities. Given that each of these five outcomes increased with increased weight change except for SGA, we performed a sensitivity analysis weighting SGA (2-5 times)
to determine how varying the importance of this outcome would influence the average predicted probability.
To further determine the potential immediate neonatal risk associated with either weight loss or low GWG, we analyzed neonatal outcomes for SGA infants born to women with weight loss or low (0-4.9kg) weight gain and compared them to SGA infants born to women with normal (5.0-9.0kg) weight gain using Chi-square or Fisher's exact tests.
The 
Results
From the 228,562 deliveries in the entire database, 20,950 obese women (11, 984 class I, 5,307 class II, and 3,659 class III) were studied ( Figure 1 ). Of the 57 stillbirths, which were excluded from the remainder of the analysis, 70% occurred in those with high weight gain and none occurred in those who lost weight. There were differences among the weight change categories with respect to age, race/ethnicity, marital status, insurance, parity, smoking, and prior cesarean, P≤0.001 (Table 1 ). This analysis was stratified by obesity class and the differences in the comparisons persisted for each obesity class, P<0.02 (data not shown). The mean (±SD) GWG was 12.5±7.6kg class I, SGA infants increased for women in all obesity classes who lost weight whereas LGA and macrosomia increased with high weight gain in most obesity classes, compared to normal weight gain. Shoulder dystocia and 5 minute Apgar <7 did not differ from normal weight gain in all obesity classes.
The predicted probability of cesarean increased linearly as weight change increased for all obesity classes whereas operative vaginal delivery and postpartum hemorrhage did not vary significantly with weight change (Figures 2a-c) . The predicted probabilities of SGA decreased as weight change increased whereas LGA and macrosomia increased exponentially with increased weight change. Shoulder dystocia, 5 minute Apgar <7, and NICU admissions showed a less pronounced increase as weight change increased for all obesity classes (Figures 3a-c) . The predicted probability of LBW was always <4% for all the obesity classes. The average predicted probability of five maternal and neonatal outcomes ( Figure 4) shows that the lowest probability of these outcomes occurred at weight loss in all obesity classes. In the sensitivity analysis of varying weights for SGA, weight gain was associated with the lowest average predicted probability only when SGA was weighted four times for class I (lowest predicted probability of 10.6% at 5.0kg), three times for class II (lowest predicted probability of 12.4% at 4.5kg), and five times for class III (lowest predicted probability of 13.1% at 2.9kg) obese women ( Figure 5 ).
There were no differences in neonatal outcomes for SGA infants born to women with either low weight gain or weight loss for each BMI class compared to those with normal weight gain, P≥0.05 (Table 4 ). The occurrence of these outcomes was rare and the numbers were too small to perform statistical analysis within each obesity class, so comparisons were reported for all obesity classes combined.
Comment
In our investigation of 20,950 obese women, several maternal and neonatal outcomes improved for obese women who lost weight during pregnancy, with up to 77% reduction in cesarean deliveries and up to 52% reduction in LGA infants compared to women who gained 5-9kg. However, a prepregnancy BMI ≥30 kg/m 2 does not appear to protect these women from having a SGA infant given that the odds for a SGA infant nearly doubled in all women who lost weight. It is noteworthy that low weight gain was not associated with SGA in obese women. Our data also confirm the risks of high GWG in obese women (e.g., increased cesareans, LGA infants, macrosomia). 12, 21, [24] [25] [26] Based on the average predicted probabilities, immediate adverse outcomes are lowest when weight loss occurs for all obesity classes, with the effect most pronounced for class III women.
According to the sensitivity analysis which weighted SGA differently, SGA would need to be weighted 3-5 times in the predicted probability models to make any weight gain better than weight loss when evaluating the outcomes of cesarean delivery, postpartum hemorrhage, SGA, LGA, and NICU admission in obese women. We recognize several limitations to the study. Our database did not contain information about the circumstances of the weight loss (e.g. intentional, a result of a pregnancy complication, or severe maternal illness) or data about the long-term physical or neurocognitive development of infants after discharge from the hospital. We have documented that stillbirths were absent in obese women who lost weight and that other neonatal morbidities and mortality were rare in SGA infants of women with low weight gain or weight loss (Table 4) . If low GWG or weight loss were to increase the risk for future complications (e.g., adult chronic diseases such as hypertension or diabetes in the offspring), these consequences would impact GWG guidelines as well; however, data on these types of long-term outcomes are not currently available. Further study of long-term outcomes including childhood and adolescent obesity in offspring of obese women with low GWG or weight loss (and its quantity) during pregnancy, is needed.
This database uses self-reported weight, which is more likely to be inaccurate in women with higher BMI's who might underestimate prepregnancy weight resulting in information bias including underrepresentation of women who lost weight and over reporting of women with high weight gains. 34 Given the number of women missing either prepregnancy weight or height data (Figure 1 ), we performed a sensitivity analysis that compared maternal demographics and characteristics between those with a missing and non-missing BMI. There were no significant differences between age, parity, smoking, prior cesarean, pregestational diabetes, chronic hypertension, or weight change between these two groups. However, non-Hispanic blacks had the most missing BMIs (39%) compared to non-Hispanic whites (30%) and Hispanics (27%), p<0.001. Since the prevalence of obesity is highest in non-Hispanic black women, 12 we may have introduced bias in excluding women with a missing BMI. However, there was no systematic explanation for the missing data (e.g., not specific to a single site). The pregnancies in this retrospective observational database also occurred prior to the publication of 2009
Institute of Medicine guidelines. As such, obese women may have been counseled to gain weight according to the previous guidelines (i.e., "at least 15 pounds").
Furthermore, we were not able to ascertain prenatal care content including nutritional counseling and whether or not women were advised on weight gain goals. We also restricted the analysis to full-term, singleton live births, so the results may not be applicable to all pregnancies. Because of reverse causality, preeclampsia and gestational diabetes were not studied as outcomes as only a total GWG instead of a weight gain at the time of the diagnosis of the outcome was available in our database.
14 Finally, the study may have been underpowered to detect differences in several of the maternal and neonatal outcomes such as postpartum hemorrhage, should dystocia, and 5 minute Apgar <7.
Obesity in pregnancy is an important public health issue. We recognize the difficulty in recommending a lower weight gain or even weight loss in a culture where weight gain is expected and considered to be "healthy" in pregnancy. SGA small for gestational age;
LGA large for gestational age; NICU neonatal intensive care unit 
